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BACKGROUND OF TUP IMVPMTiftM 

This Invention relates to en electronic blasting system. 

10 Blasting systems which are suitable for use In a mining environment and 

which are Known to the applicant fail broadly into two categories. 

In the first Instance sequencing systems are known wherein blasts are 
sequenced, Tram detonator, to detonator, in succession along a 
15 connecting cable or wire. Systems of this type are described for example 

in the following patent specifications: ZA 72/6168, ZA 72/0388, ZA 90/0085, 
ZA 82/3159, GB 20201 19A and de 3835627. It Is Inherent In this category 
of systems that their application is limited to delay sequences which 
progress from one end of the connecting cable or wire to the other end. 

20 

The second category of blasting systems is more flexible In that complex 
blasts with arbitrary delay patterns can be Implemented. These features 
are achieved by utilising, In sach detonator, a programmable electronic 
device which enables an ideal delay pattern to be designed on a 
25 computer, and then programming each detonator with en appropriate 

delay. 
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in order for a detonator to be programmed with a selected time delay It 
la necessary to be able to communicate with that detonator uniquely. This 
Implies that each detonator must be uniquely Identifiable. Any of the 
following methods may be used for programming a time delay to a 
5 detonator. 

1. Each detonator is assigned a unique address during its 
manufacture, under factory conditions. Thereafter a blast control 
computer Is used to communicate, via a common trunk One, with each 

10 detonator which is selected utilising its unique address. A disadvantage 
of this system Is that a variety of numbered detonators must be made, see 
for example U.S.A. 4986183. 

2. Each detonator may be numbered in the field using an address 
15 programmer. A unique address is assigned to each detonator prior to Its 

connection in a blasting system. Thereafter a blast control computer can 
individually address each detonator on a common parallel or serial bus. 
See for example EU8830894S.2. 

» 

20 3. An interconnection system Is adopted In which at least one wire 
goes from an output of one detonator to an input of a following detonator 
so mat the detonators may be sequentially addressed along a wiring 
harness. With this type of daisy chain system a control computer sends 
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a message to the first detonator and, once the message has been 
processed, the first detonator either relays the next message to the 
following detonator or enables the following detonator to process the next 
message. See for example ZA 91/7550, ZA 90/7754 and QB 2190730A. 

6 

4. A delay period may be directly assigned to each detonator, using 
a field programmer, prior to Its connection to a blasting system. With this 
| approach the time, delay is loaded directly Into each detonator and the 

\ system Is not re-programmable once fully connected. See ZA 89/5638. 

i io 

! 

j 5. In ZA 79/0355 use is made of factory preset multiplier numbers in 

j 

| which the number indicates the number of delay periods to be used. This 

\ te a premimbered system end tor example a detonator with the number 

* 

\ "i wn *re N may be any Integer, has a delay period which is equal to N 

| IB times a reference delay period, before firing. The reference delay period 

[ Is generated by a shot exploder. 



SUMMARY OF TUP INVENTION 

20 

The invention is concerned with a blasting system which requires minimal 
wire Implementation while maintaining programmablllty. All detonators 
wmcn are included in this system may be Identical and can be employed 
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lor any blast The system also allows connection or electronic faults to be 
detected Immediately, a feature which is highly beneficial in situations 
where many detonators are connected to a trunk line for a large blast 

5 The invention provides, in the first instance, apparatus for use with a 

detonator which Includes means tor generating and transmitting to the 
detonator at least one test signal, means for receiving at least one signal 
which is transmitted by the detonator In response to the test signal and 
which relates to a status of the detonator, means for providing an 
10 Indication of the statue, and mesne for generating and transmitting to the 
detonator an address which uniquely Identifies the detonator. 

The means for providing an Indication of the status of the detonator may 
be a visual display or produce an audible signal. Both visual and audible 
16 signals may be generated If required. 

The Indication of the status may be provided at the apparatus or at a 
remote point For example the status Indication may be transmitted by 
means of a radio or other link to any remote point, for example to a 
20 location which is near the detonator. 

The indication of the statue may take on eny suitable form end In a 
preferred embodiment of the invention a signal Is generated which 
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Indicates the address of the detonator. Thus the eddress which uniquely 
identifies the detonator may be audibly announced or displayed on a 
visual display device to Indicate that the status Is satisfactory. 

The status of the detonator may relate to any aspect which Is associated 
Internally or externally with the detonator Including Its connection to a 
reticulation or Wasting system. 

The Invention also extends to a method of Installing a detonator In a 
detonating system which Includes the steps of connecting the detonator 
In the system, generating and transmitting to the detonator at least one 
test signal, transmitting from the detonator a signal In response to the test 
signal which relates to a status of the detonator, providing an Indication 
of the status of the detonator, and generating and transmitting to the 
detonator an address which uniquely Identifies the detonator. 

The test signal is preferably generated at a control location which is 
remote from the detonator position. The test signal may be of any 
appropriate composition which Is Incapable of arming or firing a 
detonator. Thus for example the energy carried by the signal may be 
limited or the signal may be encoded or encrypted to render It incapable 
of arming or firing the detonator. 
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The status of me detonator may be any factor which Is associated 
Internally or externally with the detonator. Thus for example the status 
may relate to the operabillty of any circuit or component of the detonator, 
or to the Integrity of an electrical connection inside the detonator or fo the 
Integrity of a connection between the detonator and any other component 
e.g. a connecting wire or cable, in a blasting system. 

The status may be indicated visually or audibly. In a preferred 
embodiment of the Invention the status is Indicated by means of a visual 
display and, In addition, a status signal Is audibly generated at a location 
at or near the detonator. The status signal may for example be transmitted 
by means of a radio link to a location near the detonator. 

The address which uniquely Identifies the detonator may be assigned to 
the detonator only If the statue of the detonator, In an respects, is 
acceptable. Thus the assignation of an address to a detonator may, m 
Itself, Indicate that the status of the detonator Is acceptable. 



20 
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BRIEF description OFTflijj BBAMBM6S 

The Invention is further described by way of example with reference to the 
accompanying drawings In which: 

5 

Figure 1 schematically depicts a blasting system In accordance with the 
Invention, 

Figure 2 Is a block diagram of testing apparatus used in the system 
10 shown in Figure 1, 

Figure 3 is a block diagram representation of a detonator which is used 
In the blasting system, 

15 Figure 4 shows three testers, of the type Illustrated In Figure 2, under the 

control of a computer, and 

Figure 5 Is a schematic representation of detonators installed near a rock 
face which is to be blasted. 

20 
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DESCRIPTION OF SBEFE BBEB EMBOd ^T 

Figure 1 ot the accompanying drawings Illustrates testing apparatus 10 
which is shown In greater detail, but In block diagram form, m Figure 2, 
a plurality ot programmable detonators 12 to 22 respectively, a visual 
display 24, a loudspeaker 26, and a radio receiver 26 which Is connected 
to ear phones 30 adapted to be worn by an operator 32. 

Referring to Figure 2 the testing apparatus 10 includes the following 
modules: a central processor 34, random access memory 36, read only 
memory 38 which Is used for program storage* en interface port 40 for 
connecting the tester 10to a computer 42, as Is shown In Figure 4, a trunk 
line driver 44, a speech synthesizer 46 which is connected to a loud 
speaker 48, e numeric display 60, a programmable power supply 62, a 
battery 54 which Is used for testing, a transmitter 86 which works at radio 
frequency or at an Infra-red frequency, according to requirement, and an 
address selector 66. 

The speech synthesizer 46, the numeric display 50 and the transmitter 68 
are used to reed Information to the operator 32. The battery 64 is 
adequate to test individual detonators but is incapable of programming, 
arming or firing the detonators. 
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The trunk line driver 44 le connected to the battery 64 and externally to 
the blast control computer 42 of Figure 4. 

Figure 4 Illustrates three of the testers designated IDA, 10B and 10C 
5 respectively connected to respective trunk lines 60A, sob and 60C. The 

computer 42 la capable of providing adequate energy for charging 
capacitors In the respective detonators and for arming and firing the 
detonators. The computer also provides coded signals for programming 
and Initiating each detonator. 

10 

Use is made of a custom designed card 62 which to Installed In the 
computer 42 for communication with the individual testers 1QA, 10B and 
10C. The power to initiate the detonators Is sent from this card. 

16 Figure 3 is a block diagram representation of a typical detonator used In 

the blasting system of the Invention* The detonator Includes a protection 
block 64, a detection module 66, a message processor 68, a main chip 
controller 70, a memory device 72, an oscillator 74, a second memory 
. device 76, a control module 78, a storage and firing capacitor 80 and a 

20 delay counter 82. 

The block 64 contains over-voltage and over-current protection against 
static discharge or stray induced currents. The detection module 66 resets 
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the main chip controller 70 at power up. The message processor 68 
Interprets messages to the controller 70 and responds to the tester 10. 
The controller 70 acts on the messages and sets the address memory 
module 76 when Instructed to do so. After the correct sequence of 
6 messages the chip controller causes the storage capacitor 80 to be 
charged and It then initiates the programmed timed delay before firing the 
explosives Initiator. The oscillator 74 provides timing pulses for 
communication and delay generation. 

10 The detonator has been shown In block diagram form only for Its 

construction and operation are known to those skilled In the art 

Each of the detonators 12 to 22 of Figure 1 1s of the type shown In Figure 
3. Each detonator Includes two leg wires 84 which ere connected by a two 
15 wire trunk line 60 to the tester 10. In use each of the detonators Is 
connected In parallel to the trunk line 60. 

ft Is inherent In the blasting system of the Invention that the Individual 
detonators can be connected hi any desired sequence to the trunk line. 
20 Thus, referring to Figure 1 , the detonators are connected to the trunk One 

In the following sequence: the detonator 1 2 la first connected to the trunk 
line and Is followed by the detonator 16, the detonator 14, the detonator 
20 and the detonator 22. The detonator 18, as shown, is not connected to 
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the trunk line. As each detonator Is connected to the trunk line the 
apparatus 10 detects the connection. A un ique add res s num ber Is , 
generate d and this, togeth engrtthat least one intrinsically sale test signal, 
is^fransmffled by the jp paratus on th e trunk line 60 to the respective 
5 detonator. Trie signal la received by the detonator and one or more 

validation or diagnostic checks are carried out on the detonator. If 
everything Is In order the unique addresa is stored In jh edetenator end 
a signal la generated by the detonator and transmitted on the trunk line 
60, back to the apparatus 10, to confirm the status of the detonator. 
10 'Statue', aa used herein, la Intended to Include any aspect of a detonator 

which relates to tte working, including the functioning of circuits in the 
detonator, the integrity of the Interconnection of the circuits, and the 
Integrity of the connection of the detonator to the trunk line. 

15 When the apparatus 10 receives the confirming signal from the detonator 
In question, action la taken to advise the operator 32 that, everything ia in 
order. Thus for example the address which has been assigned to the 
detonator In question can be displayed or announced, in the example 
ahown m Figure 1, the detonator 22 haa been assigned the addreas No.5. / 

20 The address number la displayed on the visual display 24 which is of a 

i 

size and so positioned aa to be easily visually identified by the operator 
32, or audibly announced on the loudspeaker 26. Alternatively or 
additionally a status signal Is sent to the receiver 26 which carries an , ; 
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onboard display which displays the address number 6. The receiver 28, 
rn this example, Includes a voice synthesizer and the number 5 Is 
generated and is audibly repeated on the ear phones 30 which ere worn 
by the operator. 



8 



10 



The feedback of the address which has been assigned to the detonator 
inqueatlon, using any of the aforementioned techniques, confirms that the 
detonator has been correctly connected to the trunk line 60. If the 
operator does not receive a feedback signal or if an error signal is 
received, then the operator Is thereby notified that the detonator 22 or the 
connection of the detonator 22 to the trunk line, is faulty, steps can 
immediately be taken on the spot to rectify the fault. 



It is to be borne In mind that the detonators are Identical and that, through 
16 the use of the system, an that is required Is to connect the detonators one 

after the other in parallel to the two wire trunk line. It is also possible to 
connect a detonator to the legs of a pre-connected detonator to simplify 
wiring complexity. 

20 it follows that using the techniques of the invention each detonator is 

given an address number which uniquely Identifies the detonator end 
which corresponds to the chronological order In which the detonators are 
connected to the trunk line. Thus the first detonator which Is connected 
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to the trunk line is unit 1 and the Nth unit which Is connected to the trunk 
line Is unit N. This permits the operator to connect the units to the trunk 
line In an order which is appropriate for the particular conditions. If the 
address number which Is assigned to a detonator is to be visible then a 
small p renumbered sticker can be attached to each detonator by the 
operator 32 when prompted by a signal, asm tor the purpose, by the 
apparatus 10. 

Figure 5 schematically depicts 15 detonator units which have what are 
referred to as chronological addresses and which are arranged in three 
banks 86A, 88B and 36C respectively, each having 5 units. The detonator 
units m the first bank 88A require zero delay, the units in the bank 66B 
require 10 ms delays while the unite in the bank 86C require 17 ms delay 
periods. 

The detonator unite are connected to a trunk line 60. The numbers on the 
trunk line, near each respective detonator, denote the positional address 
of each detonator which, as has been explained in connection with Figure 
1, Is the same as Re position In the connection sequence. 

The following table sets out the address which Is assigned, using the 
techniques described hereinbefore with reference to Figure 1, to each 
detonator, its desired delay period, and Its chronological address. The 
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chronological addresses correspond with the delays of the respective 
detonators in the sense that the lower addresses from 1 to 5 have zero 
delay periods, the next bank of chronological addresses from 6 to 10 have 
delay periods of 1 o ms, and the chronological addresses In the final bank 
5 have delays periods of 17 ma. 



15 



20 



25 
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17 
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10 
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14 
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15 


10 


10 



The physical ordering of the detonators along the trunk One Is not 
Important This Is because each detonator le given e unique address 
which, once correlated with the actual physical position of the detonator 
at the blasting location, enables substantially any desired blasting 
sequence to be programmed Into the system. 
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In one embodiment of the invention use is made of two discreet pieces 
of equipment to complete the blasting process, mis In the first instance 
use Is made of the testing apparatus 10 to test and program the Identity 
of each new detonator as it Is connected to the bunk line, in the manner 
which has been described hereinbefore, A second Item of equipment is 
thereafter used to program the Individual time delay periods for the 

» 

respective detonators and then to arm and fire the detonators. 

The testing apparatus 10 Is constructed so that it cannot arm nor fire any 
detonator. This may be achieved In any appropriate way for example by 
limiting the energy which is available from the apparatus, and by using 
encoded messsges and electronic interlock circuits on each detonator. 
This type of technology is described for example in GB 2190730A. 

The second piece of equipment which is referred to generally as a firing 
box can provide adequate energy to charge an energy storage device In 
each respective detonator, and to ami and fire the detonators. The flrlng 
box is also used when appropriate to provide coded signals to cause each 
detonator to be Initiated. 

With a modified technique the detonators are connected to the bunk line 
in the manner which has been described and once the status of each 
detonator has been confirmed a firing box is connected to the apparatus 
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10 to provide the ability to Inmate a blast. A safety Interlock is used to 
prevent the apparatus 1 0 from Initiating a blast unto such time as the firing 
box Is connected. 

the construction of each of the detonators has been described only in 
block diagram form for they may be of any appropriate type capable of 
Interacting with the apparatus 10 in the manner which has been described. 

Bidirectional communications on the trunk line are preferably effected by 
means of coded signals carrying digital Information to and from the 
detonators. Communication to the detonators could for example be by 
means of voltage modulated signals superimposed on a DC level while 
communication from the detonators could be by means of current pulses 
drawn from a DC level on the trunk line. 
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CLAIMS 

1. A method of Installing a blasting system which Includes a 
plurality of detonators, the method Including the steps of monitoring the 
system to detect the connection of a fresh detonator to the ayatam and, 
when this is detected, of aaelgnlng a unique address to the fresh 
detonator. 

2. A method according to claim 1 wherein the system is 
monitored by repeatedly transmitting from a control location a test signal 
to all the detonators In the system, configuring the detonators to which 
respective unique addresses have already been assigned so that they are 
not responsive to the test signal, and configuring the fresh detonator so 
that It transmits, to the control location, a second signal in response to 
the test signal. 

3. A method of installing a fresh detonator In a detonating 
aystem which Includes a plurality of already Installed detonators, the 
method including the steps of connecting the fresh detonator In the 
system, generating and transmitting to all of the detonators at least one 

* 

test signal, transmitting only from the fresh detonator a signal In response 
to the test signal which relates to a status of the fresh detonator, 
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providing an indication of the status of the fresh detonator, and 
generating and transmitting to the fresh detonator an address which 
uniquely identifies the fresh detonator. 

5 4. A method according to claim 3 wherein the test signal is 

generated at a control location which Is remote from the fresh detonator. 

5. a method according to claim 3 or 4 wherein the test signal la 
incapable of arming or firing any of the detonators. 

10 

6. A method according to claim 5 wherein the test signal 
compiles with at least one of the following to render the signal Incapable 
of arming or firing the detonator: the energy carried by the teat signal Is 
limited; the test signal is encoded or encrypted. . 

15 

7. A method according to any one of claims 3 toe wherein the 
status of the fresh detonator relates to at least one of the following: the 
operabllfty of any circuit or component of the fresh detonator; the 
Integrity of an electrical connection inside the fresh detonator; the 

20 integrity of a connection between the fresh detonator and any other 

component In the detonating system. 
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8. A method according to any one of otaims 3 to 7 wherein the 

statue of the fresh detonator to Indicated by at least one of the following: 
a visual display; an audible signal. 

5 9. A method according to any one of dalma 3 to 8 wherein the 

statue signal to transmitted by means of a radio fink to a location near the 
fresh detonator. 

10. A method according to any one of dalma 3 to 9 which 
10 Includes the step of generating and transmitting to the fresh detonator the 

said address which uniquely identifies the fresh detonator, only If the 
status of the fresh detonator Is acceptable. 

11. A blasting system which Includes a trunk line, a plurality of 
15 programmable detonators Individually connected to the trunk line, and 

control means for detecting a connection of a fresh detonator to the trunk 
line end for generating e unique address which Is transmitted on the trunk 
line to the fresh detonator. 

20 12. A blasting system according to claim 11 wherein the unique 

address is stored in the fresh detonator, s confirming signal Is transmitted 
from the fresh detonator to the control means, and the control means then 
generates and transmits a signal on the status of Hie fresh detonator or 
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of Its connection to the trunk fine. 

13. Apparatus for use in a blasting system to which a plurality of 
detonators are successively respectively connected, the apparatus 

5 Including means tor generating and transmitting to all of the detonators 

In the system at least one test signal, means for receiving at least one 
signal which Is transmitted by a detonator, which has been freshly 
connected to the system, in response to the test signal and which relates 
to the quality of the connection of the detonator to the system, means tor 
10 providing an Indication of the said connection quality, and means for 

generating and transmitting to the freshly connected detonator an address 
which uniquely Identifies the detonator. 

14. Apparatus according to claim 13 wherein the means for 
15 providing an indication of the quality of the connection of the freshly 

connected detonator produces at least one of the following: a visual 
display; an audible signal. 

15. Apparatus according to olafm 13 or 14 wherein the said 
20 Indication of the quality of the connection Is transmitted to a location 

which la near the freshly connected detonator. 
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16. A method of Installing a detonator In a detonating system 

substantially as hereinbefore described with reference to the 
accompanying drawings. 

5 17. Apparatus for use with a detonator substantially as 

hereinbefore described with reference to the accompanying drawings. 



dated this 2nd day of march 1994 
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